Introduction
============

The industrialization process in China aggregated environmental pollution ([@b1-ol-0-0-9186]). Signs of extreme pollution, such as extremely high PM2.5 levels, are frequently observed in major cities of China, such as Beijing ([@b2-ol-0-0-9186]). Air pollution caused by a series of environmental health issues has attracted more and more attentions. Airborne particulate matter (PM) is a mixture of gaseous or liquid particulate matter that floats in the air ([@b3-ol-0-0-9186]). Inhalable particles are classified into three categories: coarse particles (d=2.5--10 µm), fine particles (d=0.1--2.5 µm), and very fine particles (d\<0.1 µm) ([@b4-ol-0-0-9186]). Studies have shown that the main chemical constituents of respirable particulate matter can be divided into four major categories: soluble components (mostly inorganic ions), organic components, trace elements and carbon elements. In 1994, the American Cancer Institute (ICR) reported that particles \>10 µm cannot enter the respiratory tract, particles between 5--10 µm are basically blocked in the upper respiratory tract, particles \<5 µm can enter the alveoli and bronchi, and fine particles \<2.5 µm can easily enter the alveoli ([@b5-ol-0-0-9186]). PM2.5 can be suspended in the atmosphere for a long time, and can even stay up to 30 days. During this period, due to the small gravitational effect of PM2.5 and large specific surface area, it can adsorb a variety of complex components, such as a variety of toxic substances, heavy metal compounds, pathogens, bacteria and other microorganisms ([@b6-ol-0-0-9186]). PM2.5 induces genotoxicity (DNA damage), oxidative stress and inflammation ([@b7-ol-0-0-9186]--[@b10-ol-0-0-9186]). Epidemiological studies have confirmed the significant correlations between particulate air pollution and various adverse health effects ([@b11-ol-0-0-9186]). Several landmark review studies have shown that exposure to PM2.5 is associated with premature death and increased incidence of respiratory and cardiovascular disease ([@b12-ol-0-0-9186],[@b13-ol-0-0-9186]). Accurate environment PM2.5 concentration measurements are critical to epidemiological studies of chronic human exposure, but also are big challenges ([@b14-ol-0-0-9186]).

At present, most studies have linked air pollution to cardiovascular and respiratory disease, but studies on the association between air pollutants and malignancies are rare. Therefore, this study analyzed the association between air pollutants and the death resulting from malignant tumors from 2010 to 2015 in Shenyang, China.

Patients and methods
====================

### Health data

We analyzed data of malignant tumor-related deaths in five urban areas in Shenyang, China from 2010 to 2015. The data were obtained from the Shenyang Center for Disease Control and Prevention statistics. Between 2010--2015, 48,084 people (27,987 men, 20,097 women) people died of malignant tumors. Mortality data are recorded according to the 10th edition of the International Classification of Diseases and Related Health Statistics. The protocol of this study has been approved by the Ethics Committee of Shenyang Medical College (Shenyang, China). All patients signed informed consent.

### Exposure data

According to the 'Environmental Air Quality Standard' established in China in 2013, the average concentration of air fine particles (PM2.5) and ozone (O~3~) was added to the original sulfur dioxide (SO~2~), nitrogen dioxide (NO~2~) carbon monoxide (CO), respirable particulate matter (PM10) monitoring indicators. The daily air pollution data used in this study include continuous monitoring of PM2.5, PM10, SO~2~, NO~2~ concentrations in five urban districts in Shenyang. PM2.5 data are only available between 2013--2015, and other pollutant data covered 2013--2015. Those data were obtained from Shenyang Environmental Monitoring Center Station and Shenyang Environmental Protection Bureau of China. Daily average temperature, wind speed, pressure and relative humidity and other weather data from 2010 to 2015 were provided by Shenyang Meteorological Bureau.

### Data analysis

The health and exposure data of this study were used to predict the association between atmospheric particulate exposure and malignancy mortality using a generalized linear model (GAM) based on the Poisson distribution combined with time sequence analysis using the time sequence analysis, The function of estimating the possible hysteresis effect of air pollution. Based on the generalized cross-validation (GCV) selection of the degree of freedom (df) of the lag results, the most suitable model with 7 df is found (lag 0--6). Data are stratified according to different seasons (warm season, May-October; winter, November-April). The number of deaths from malignant tumors varies with the concentration of PM in the environment as follows: LogE(Yt) = para(SO~2~, NO~2~, PM10, PM2.5) + spline(year, df) + spline(mouth, df) + spline(temperature, df) + spline(hunidity, df) + dow + holiday + αPM~t-1,\ t~.

Where E(Yt) represents the number of expected malignancies on day t, the spline is a natural cubic spline, and PM~t-1~ represents the mean 2-day concentration at days t and 1. First, the hysteresis effect of air pollution was tested by single-day lag. The most likely lag time was then determined after the establishment of a single contaminant model. The effect of each pollutant additional 10 µg/m^3^ on the death of malignant tumors at different times was analysed. Since PM2.5 data are provided only between 2013--2015, all analyses in this study for PM2.5 are only valid for those 3 years. Statistical analysis of this study was performed using VR3-2.5 (R Project for Statistical Computing), GraphPad Prism 7 (GraphPad Software, NY, USA) and SPSS 22.0 (IBM Corp., Armonk, NY, USA).

Results
=======

In\< this study, to the best of our knowledge, we first summarized the meteorological, environmental and death statistical data collected during the 2010--2015 period. [Table I](#tI-ol-0-0-9186){ref-type="table"} summarizes the number of malignant tumor deaths, concentrations of SO~2~, PM10, NO~2~ and PM2.5, relative humidity, and temperature during the period of 2010--2015 in Shenyang. Results showed that the average SO~2~, PM10, NO~2~ and PM2.5 concentrations were 122.37 µg/m^3^, 74.75 µg/m^3^, 79.36 µg/m^3^, and 47.65 µg/m^3^, respectively. In the warm season, the number of deaths caused by malignant tumors is greater than that in the cold season. PM2.5 and PM10 in the cold season (96.53 and 149.92 µg/m^3^) are higher than those in the warm season. In Shenyang, China, the average temperature is −2.07°C during cold season and is 19.45°C during the warm season. [Fig. 1](#f1-ol-0-0-9186){ref-type="fig"} shows the concentrations of PM2.5, PM10, SO~2~ and NO~2~, relative humidity and temperature in Shenyang, China, and higher values of those factors were found in the cold season than in the warm season. In the analysis of the interrelationships between different air pollutants and meteorological factors, it was found that there were significant correlations between the four major air pollutants, such as the correlation between PM2.5 and PM10 and the correlation between temperature and relative humidity ([Table II](#tII-ol-0-0-9186){ref-type="table"}).

Analysis of different age groups showed no significant differences in the number of deaths among groups younger than 40 years. Mortality rate increased with aging after 40 years and two peaks were observed in the 55--60 and 75--80 age groups ([Fig. 2](#f2-ol-0-0-9186){ref-type="fig"}). Mortality rate reached 19.51/100,000 in the 75--80 age group. No significant effects of PM10 and PM2.5 on malignant tumor mortality rate were observed ([Fig. 3](#f3-ol-0-0-9186){ref-type="fig"}).

[Table III](#tIII-ol-0-0-9186){ref-type="table"} shows the impact of several pollutants on the mortality of malignant tumors in different seasons. We found that the impact of increased PM exposure on mortality was more significant in the warm season. After controlling the confounding factors, PM2.5 increased mortality by 0.024% for each 10 µg/m^3^ increase of PM2.5 in the warm season (95%CI: 0.005%, 0.043%). The impact of pollutants on patients with malignant tumors is consistent with the data shown in [Table I](#tI-ol-0-0-9186){ref-type="table"}. These data show that PM2.5 has a greater impact on the death from malignant tumors during the warm season. [Fig. 4](#f4-ol-0-0-9186){ref-type="fig"} shows the effects of PM10 and PM2.5 on the mortality of patients with malignant tumors at different lag times. In addition, the impact of air pollutants on the death from malignant tumors is not significant; PM10 had a relatively great impact on the mortality from malignant tumors after lagging for 2 days, but it showed a decreasing trend after a lag of 3 days followed by another increasing trend. The lag effect of PM2.5 was weak, but there was a relatively great impact after lagging for 3 days.

Discussion
==========

The 2013 China Cancer Registration Center survey results show that malignant tumors affect \~3 million cases in China every year ([@b15-ol-0-0-9186]). Many factors can stimulate the proliferation and differentiation of cancer cells ([@b16-ol-0-0-9186]), such as inhalation of air pollutants, long-term consumption of carcinogens contained in food as well as a long time exposure to high radiation areas. In recent years, due to the intensification of global air pollution, association between air pollution as well as the morbidity and mortality of various diseases has attracted more and more attention, and many studies have confirmed that air pollutants, especially air particulate matter, have a negative impact on human health ([@b17-ol-0-0-9186]--[@b20-ol-0-0-9186]).

In this study, we analyzed environmental, meteorological and death data in Shenyang from 2010 to 2015. The results show that the average daily death rate of malignant tumor patients in Shenyang (May-October) is relatively high. This conclusion is similar to the mortality rate from malignant tumors in Ningbo, China ([@b3-ol-0-0-9186]). Studies have shown that the warm season and air pollutants have a great impact on the death of malignant tumors ([@b21-ol-0-0-9186],[@b22-ol-0-0-9186]). Cold weather in winter inhibits patients activity, and activities during the warm season may increase exposure to toxic substances; yet, the specific mechanism still remains unclear. However, some studies have shown that the impact of toxic substances on death from malignant tumors is strengthened by cold weather ([@b23-ol-0-0-9186],[@b24-ol-0-0-9186]), which may be explained by the different climate conditions, levels of pollutants and living environment. The average concentration of air pollutants between November and April (cold season) is high, which may be caused by the consumption of coal in Shenyang, China. Studies have found that those pollutants can cause an increase in the incidence of respiratory and cardiovascular disease ([@b25-ol-0-0-9186]--[@b28-ol-0-0-9186]). Xu *et al* ([@b29-ol-0-0-9186]) proved that PM2.5 and respiratory diseases are closely associated in Bejing, China. Haley *et al* ([@b30-ol-0-0-9186]) found that PM2.5 has a great impact on heart failure in New York, United States, and the effect is more significant on elderly than on young individuals. The effects of air pollutant exposure on the cardiovascular and respiratory system have been extensively investigated, while the effects of cancer still remain unclear, possibly due to the complex pathogenesis.

The analysis of different age groups showed no significant differences in the number of deaths among groups younger than 40 years. On the contrary, the mortality rate increased with aging after 40 years and two peaks were observed in the 55--60 and 75--80 age groups. In fact, the mortality rate reached 19.51/100,000 in the 75--80 age group. The high mortality rate of tumors in Shengyang is related to the severe air pollution conditions due to the development of heavy industry in the past decades. With the growth of the aging population in China, the mortality rate due to tumors is predicted to be further increased.

After controlling the confounding factors, it was observed that every 10 µg/m^3^ increase of PM2.5 in the warm season is followed by a 0.024% (95% confidence interval: 0.005% and 0.043%) increase in the malignant tumor mortality rate. However, the lagging effect of pollutants is not obvious. The obvious impact was observed only after lagging for 2 days. However, there are still some limitations in this study. There are too many uncontrollable factors in the course of malignant tumors, such as smoking and alcohol stimulation which can also increase the risk of death from malignant tumors.

In summary, the levels of PM10 and PM2.5-based air particulate matter are related to the death from malignant tumors from 2010 to 2015 in Shenyang, China. The improvement of environmental conditions is urgently needed to reduce the mortality rate due to malignant tumors.
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###### 

Daily air pollutants, meteorological conditions, and number of malignant tumor deaths in Shenyang, China between 2010--2015, are shown throughout the year and in the cold and warm season^[a](#tfn1-ol-0-0-9186){ref-type="table-fn"}^.

  Variables              All            Cold          Warm
  ---------------------- -------------- ------------- -------------
  No. of cancer deaths   22.27±4.98     21.93±4.98    22.6±4.96
  SO~2~                  79.36±81.05    132.83±85.3   26.76±17.26
  PM10                   122.37±81.33   149.92±93.3   95.26±55.56
  NO~2~                  47.65±18.2     52.53±20.56   42.85±13.98
  PM2.5                  74.75±61.8     96.53±71.09   53.32±41.05
  Relative humidity      62.81±15.56    58.6±15.67    66.94±14.31
  Temperature            8.78±13.19     −2.07±8.94    19.45±6.07

PM2.5 data are only collected between 2013--2015. SO~2~, sulfur dioxide; NO~2~, nitrogen dioxide.

###### 

Correlation analysis of air pollutants and meteorological conditions in Shenyang, China from 2010 to 2015^[a](#tfn2-ol-0-0-9186){ref-type="table-fn"}^.

  Variables     SO~2~   PM10      NO~2~     PM2.5     Temperature   Humidity
  ------------- ------- --------- --------- --------- ------------- ----------
  SO~2~         1       0.65061   0.55956   0.67784   −0.11304      −0.79723
  PM10          --      1         0.60821   0.91044   −0.04067      −0.35945
  NO~2~         --      --        1         0.66465   0.06812       −0.32731
  PM2.5         --      --        --        1         0.12740       −0.40456
  Temperature   --      --        --        --        1             018388
  Humidity      --      --        --        --        --            1

PM2.5 data are only collected between 2013--2015. SO~2~, sulfur dioxide; NO~2~, nitrogen dioxide.

###### 

The effect of a single contaminated model on the mortality of malignant tumors^[a](#tfn3-ol-0-0-9186){ref-type="table-fn"}^.

  Variables   All                               Cold                               Warm
  ----------- --------------------------------- ---------------------------------- --------------------------------------------------------------------------
  SO~2~       0.00220 (−0.00158, 0.00600)       0.00104 (−0.00472, 0.00683)        0.01582 (−0.00409, 0.03613)
  PM10        −0.00069 (−0.00512, 0.00377)      0.00046 (−0.00437, 0.00532)        −0.01700 (−0.03116, −0.00255)
  NO~2~       0.005622548 (−0.00662, 0.01801)   0.008854975 (−0.01170, 0.02983)    0.007209 (−0.01331, 0.02815)
  PM2.5       −0.00106703 (−0.00722, 0.00512)   −0.004620493 (−0.01147, 0.00228)   0.023881 (0.00502, 0.04310)^[b](#tfn4-ol-0-0-9186){ref-type="table-fn"}^

This was indicated by an increase of 10 µg/m^3^ of air pollutant concentration in cold and warm seasons

SO~2~, sulfur dioxide; NO~2~, nitrogen dioxide.
